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(54) REAL ENGINE SOUND REPRODUCING DEVICE 

(57)Abstract: 

PURPOSE: To improve a digital sound because 
when, for example, a person depresses the 
accelerator provided at the simulation driving 
seat of a racing car as a game machine, the 
digital sound made to resemble to an engine 
sound is reproduced according to the 
depressing amount and then the person can « r 

taste a feeling like driving the racing car but 
the digital sound has not been able to 
reproduce the power had by the sound of a 
real car and the taste of the highly individual 
engine sound of the real car which is different 
in the kinds of the real cars. 
CONSTITUTION: The analog voltage signal 
taken in by a voltage detector 33 is converted 
into a digital voltage signal by an A/D 
conversion circuit 35. In a ROM 41, sections 
determined by subdividing magnitudes of the 
digital voltage signals previously are stored and 

real engine sounds having the speeds of revolutions corresponding to magnitudes of 
digital voltage signals which are almost determined by sections are recorded as digital 
signals and then the digital signals are stored for every section in corresponding 
areas. A control device 39 reads out the section corresponding to the digital signal 
and reads out the digital signal stored in the area corresponding to the section. Then, 
the read out digital signal of an engine is converted into an analog signal by a D/A 
conversion circuit 53 and the analog signal is amplified by an amplifier to be 
reproduced as a real engine sound in a speaker. 
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Partial English Translation of Japanese Laid-Open Patent 
Publication No. 8-292785 

[Claim 1] A real engine sound reproducing device comprising: 
means for receiving an analog voltage signal; an A/D conversion 
circuit for converting the received analog voltage signal to 
a digital voltage signal; storage means having stored therein 
sections, which are defined by subdividing the digital voltage 
signal into levels, and having stored real engine sounds as 
digital signals in regions corresponding to the sections, the 
real engine sounds being recorded at speeds of revolution 
corresponding to the levels of the digital voltage signal which 
are approximately defined by the sections; a control device for 
reading a section corresponding to a digital voltage signal from 
the A/D conversion circuit and reading a digital signal stored 
in a region associated with that section; a D/A conversion 
circuit for converting a digital signal for an engine sound read 
from the storage means into an analog signal; and reproduction 
means for reproducing a real engine sound from the analog signal 
from the D/A conversion circuit. 

[0004] 

[Solution to the Problems] In order to achieve the above object, 
the invention claimed in claim 1 is directed to a real engine 
sound reproducing device comprising: means for receiving an 
analog voltage signal; an A/D conversion circuit for converting 
the received analog voltage signal to a digital voltage signal; 
storage means having stored therein sections, which are defined 
by subdividing the digital voltage signal into levels, and 
having stored real engine sounds as digital signals in regions 
corresponding to the sections, the real engine sounds being 
recprded at speeds of revolution corresponding to the levels 
of the digital voltage signal which are approximately defined 
by the sections; a control device for reading a section 
corresponding to a digital voltage signal from the A/D 
conversion circuit and reading a digital signal stored in a 
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region associated with that section; a D/A conversion circuit 
for converting a digital signal for an engine sound read from 
the storage means into an analog signal; and reproduction means 
for reproducing a real engine sound from the analog signal from 
the D/A conversion circuit. 

[0011] 

[ Effect ] In the invention claimed in claim 1 , an analog voltage 
signal is received and converted to a digital voltage signal, 
a section corresponding to the digital voltage signal is read, 
and then a digital signal for the sound of real engine which 
is stored in a region associated with the section is read. The 
read digital signal is converted to an analog signal from which 
the sound of real engine at a predetermined revolution speed 
is reproduced. If the level of the analog voltage signal is 
changed, the sound of real engine at a revolution speed 
corresponding to that level is reproduced. 

[0018] 

[Embodiments ] An embodiment of the invention is described with 
reference to FIGS. 1 through 8. 

[0019] FIG. 1 illustrates an overall external view of a real 
engine sound reproducing device according to this embodiment. 
[ 0020 ] Power to a device body 1 can be supplied from a household 
power supply via an AC -DC adapter 3 or can be supplied from a 
cigar socket 5 for a cigar lighter in a car interior via a DC-DC 
converter 7 . 

[0021] The decision about a revolution speed at which the real 
engine sound is to be reproduced depends on an analog voltage 
signal to be received. As for the analog voltage signal, a 
resistance value of a variable resistor (not shown) is changed 
by adjusting a knob 9 provided to the device body 1, thereby 
obtaining an analog voltage signal having a level corresponding 
to the resistance value, or the analog voltage signal can be 
a direct -current power supply voltage obtained from the cigar 
socket 5 via the DC-DC converter 7. The power supply voltage 
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varies in accordance with the revolution speed of an engine of 
a car (in which the user uses the present device). 
[0022] As storage means having real engine sounds recorded as 
digital signals, sound cassettes 11 each provided as a unit to 
be externally loaded into the device body 1 are used. The sound 
cassettes 11 are provided for each type of real vehicle, e.g. , 
cassettes 11-1, 11-2, and 11-3 are provided for Harley, Porsche, 
and Ferrari, respectively. Also, there is a cassette 11-4 for 
the sound of an airplane. 

[0023] There are a plurality of reproduction means provided 
for reproducing a real engine sound from an analog signal 
converted from a digital signal for the sound of an engine which 
is read from the storage means. One reproduction means 
reproduces a real engine sound from a radio signal which is 
derived from an FM transmitter 13 connected to the device body 1 
via an output terminal (not shown) and received by a car 
stereo 15 in a car where a user uses the device. Another 
reproduction means is a set of headphones 17 connected to the 
device body 1 via an output terminal (not shown) . Still another 
reproduction means is a stereo set 19 connected to the device 
body 1 via an output terminal (not shown) . Still another 
reproduction means is a set of loudspeakers 21 with an amplifier 
connected to the device body 1 via an output terminal (not 
shown ) . 

[0024] The device body 1 has a mounting hole 25 formed in its 
center for mounting a model engine 23 . Specifically, the model 
engine 23 is mounted to the mounting hole 25 via an 
attachment 27 attached thereto . There are a plurality of model 
engines 23-1, 23-2, and 23-3, which are mounted via their 
respective dedicated attachments 27-1, 27-2, and 27-3. 
[ 0025 ] The model engine 23 includes a motor for driving a drive 
portion of the model engine 23, e.g. , a camshaft, a timing belt, 
etc. The motor is controlled by a motor controller (not shown) 
in accordance with an analog voltage signal or a digital voltage 
signal. For example, as the level of the analog voltage signal 
or the digital voltage signal becomes higher, the revolution 



speed of engine sound to be reproduced becomes higher and the 
speed of driving the drive portion of the model engine 23 
becomes faster. 

[0026] The model engine 23 revolves together with the 
attachment 27 . The revolution is made by the motor. The motor 
for making the revolution may be included in the device body 1 , 
the model engine 23, or the attachment 27. 

[ 0027 ] In addition to the output terminals for the reproduction 
means, the device body 1 further includes an output terminal 
(not shown) for connecting an additional electronic device or 
the like. Examples of the additional device include a 
tachometer 29 for indicating the speed of revolution, which is 
increased with the level of a digital voltage signal, and a 
Family Computer 31. 

[0028] FIG. 2 is a principal part block diagram focusing on 
the device body shown in FIG. 1. 

[0029] As a means for receiving an analog voltage signal, for 
example, there is provided a voltage detector 33 for detecting 
a direct -current power supply voltage obtained via the DC-DC 
converter 7. An A/D converter (AD7820) is used as an A/D 
conversion circuit 35 for converting the received analog 
voltage signal to a digital voltage signal. As a digital 
voltage signal input board, a PIO (parallel I/O) (including a 
TMPZ84C015BF) 37 is used. The first four high-order bits among 
eight bits of the PIO 37 are used for controlling the A/D 
converter. The last four low-order bits are used for switching 
between banks of an engine sound data ROM which will be described 
later. 

[0030] A general-purpose 8-bit CPU ( TMPZ84C015BF) , which 
includes peripheral equipment, is used as a CPU 39 which is a 
control device . 

[0031] As storage means, a ROM pack 41 and a RAM 43 are used. 
An address map of the storage means as shown in FIG. 3, which 
is represented by hexadecimal digits, contains a program ROM 
area 45 in a ROM, an engine sound data ROM area 4 7 having stored 
therein actual engine sounds as digital signals, an unused 
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area 49, and a program RAM area 51. The engine sound data 
ROM 47 is required to be large in capacity in order to accurately 
reproduce the actual engine sounds, and therefore bank 
switching is performed (see FIG. 3). 

[0032] The PIO (parallel I/O) (including a TMPZ84C015BF ) 37 

is used as an output board for outputting a digital signal for 

engine sound which is read from the storage means. 

[0033] A D/A converter (AD7523) is used as a D/A conversion 

circuit 53 for converting an output digital signal to an analog 

signal. 

[0034] An amplifier 55 and loudspeakers 57 are of those used 
in a car stereo, for example. A CTC (counter timer circuit) 59 
functions for providing timing between circuits. 
[ 0035 ] Next , as shown in FIGS . 4 and 5 , an analog voltage signal 
(solid curve 61 in FIG. 4) is detected by sampling for a 
sampling period of 50 mS, and the level of the detected voltage 
signal is quantized into 8 bits, i.e., 256 levels, so that the 
signal is converted to a digital signal. As for the level of 
the digital voltage signal (normally, 5V) , 256 levels are 
previously grouped into 22 sections ("VOLTAGE SUBDIVISION 
SECTIONS" in the left column of FIG. 5), and therefore 
subdivided into 22 sections. 

[0036] As shown in FIG. 5, each of the twenty- two sections 
indicates addresses at which engine sound data is stored 
("ENGINE SOUND DATA STORAGE ADDRESSES" in the right column of 
FIG. 5). Each of these addresses represents a region storing 
real engine sounds for speeds of revolution (e.g. , the maximum 
speed of revolution) which are associated with levels of a 
digital signal which are approximately determined by each 
section (e.g., the section shown on the top of FIG. 5 defines 
a digital signal having the greatest level) . Specifically, the 
represented region stores a digital signal which is obtained 
by digitizing the waveform of recorded real engine sound for 
a corresponding speed of revolution . With reference to FIG . 6 , 
the digitization of real engine sound is described. 
[0037] Through a microphone (not shown) , real engine sound for 



a given speed of revolution is recorded as an analog signal. 
The recorded analog signal is detected by sampling at a sampling 
frequency of 11.025 KHz, and the level of the detected voltage 
signal is quantized into 8 bits, i.e. , 256 levels, and the signal 
is converted to a digital signal. Specifically, the maximum 
amplitude L in the graph is quantized into 256 levels. Such 
a digitization method is called a PCM (pulse code modulation) 
method. 

[0038] As such, the real engine sound at a given speed of 
revolution is obtained as a digital signal, and thereafter 
stored in a region indicated by an address shown in one of the 
twenty-two sections. Also, for the rest of the twenty- two 
sections, engine sounds at different speeds of revolution are 
similarly stored. 

[ 0039 ] Now, with reference to FIGS . 7 and 8 , a control operation 
for reading a section corresponding to a digital voltage signal 
and reading a digital signal stored in a region indicated by 
an address shown in that section is described. 
[0040] As shown in FIG. 7, for example, if the device is turned 
on, firstly the CPU is initialized (SI) , and a sufficient amount 
of time is waited (S2) for preventing malfunction. Next, the 
CTC is initialized (S3) , and then the PIO is initialized (S4) . 
Also, the sound of engine is initialized (S5) so as to become 
the engine sound at the minimum speed of revolution, for example. 
Then, the control is brought into an idling state (S6). 
[0041] After the idling state, interruption is made at 
predetermined intervals of time, for example, and the control 
procedure shown in FIG. 8 is carried out. Specifically, while 
the current engine sound is reproduced (S7), an address of a 
region in which an engine sound to be reproduced next is stored 
is calculated ( S8 ) . Whether the digital voltage signal has been 
changed is determined (S9), and if there is no change, the 
interruption is terminated. If there is any change, a section 
corresponding to the digital voltage signal is read (S10). 
Whether the read section is the same as the previously read 
section is determined (Sll), and if they are the same as each 



other, the interruption is terminated. If they are not the same 
as each other, a digital signal stored in a region indicated 
by an address shown in the read section is read to reproduce 
the sound of engine (S12), and the interruption is terminated. 
[0042] As described above, according to the present embodiment, 
by reproducing the real engine sound, it becomes possible to 
recreate the power of the real engine sound of a car, an air-craft , 
etc., and moreover, it becomes possible to recreate tones of 
unique engine sounds of vehicles, e.g., Harley, Porsche, 
Ferrari, air-crafts, etc. , which vary from one type to another. 
[0043] Also, recorded real engine sound, e.g., engine sound 
of a vehicle, such as Harley, Porsche, or Ferrari, or engine 
sound of a race car, are reproduced in accordance with the speed 
of revolution of an engine of a typical vehicle ridden by the 
user, so that the user can have a feeling of driving, for example, 
a race car while driving an ordinary car. 

[0044] Also, the car stereo 15 in the car's interior receives 
a radio signal from the FM transmitter 13 included in the 
reproduction means, so that the sound of real engine is 
reproduced, making it possible for the user to enjoy real engine 
sounds of vehicles, such as Harley, Porsche, Ferrari, etc., or 
engine sounds of race cars, without changing wiring in the car. 
[0045] Also, by adjusting the knob 9 provided to the device 
body, it is possible to reproduce the sound of real engine at 
any speed of revolution, making it possible for the user to have 
a feeling of actually driving a real car. 

[0046] Also, it is possible for the user to freely select one 
type of real engine sound that is to be reproduced from among 
various types of vehicles, such as Harley, Porsche, Ferrari, 
etc., in accordance with his/her taste. 

[0047] Also, in addition to the real engine sound, it is 
possible to enjoy the movement of the model engine 23 in 
association with the engine sound, i.e. , it is possible to enjoy 
the revolution of the entire model engine 23 and the movement 
of a drive portion such as a camshaft. 

[0048] Note that the device according to the above embodiment 



is used in the user's car, but in other embodiments, it may be 
used in the driver's seat for car simulation. That is, it is 
possible to reproduce the sound of real engine at a speed of 
revolution corresponding to the amount of depression of an 
accelerator provided in the driver's seat for car simulation. 
Thus, it is possible for the user to have a feeling of actually 
driving a real car at the car simulation. 
[0049] 

[Effect of the Invention] Thus, according to the inventions 
as claimed in claims 1 through 7 , by reproducing the sound of 
real engine, it is possible to recreate the power of the sound 
of a real engine of a car, a motorcycle, an air-craft, etc., 
and further it is possible to reproduce tones of unique engine 
sounds of real cars, motorcycles, and air-crafts, which vary 
from one type top another. 

[00 50] Also, the sound of real engine is reproduced at a speed 
of revolution corresponding to the level of an analog voltage 
signal, whereby it is possible for the user to have a feeling 
of actually operating a car, a motorcycle, or an air-craft. 
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